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I .  INTRODUCTION 
I 
Laboratory-scale flowsheet tests of the fractional crystallization process were conducted with 
actual tank waste samples in a hot cell at the 2224 Laboratory. The feed solutions werc 
composite samples of dissolved saltcake from several S-farm and SX-farm tanks. Preparation 
and analysis of the feed samples have been described elsewhere (external letter CH2M-0600248, 
“Preparation of composite Tank Waste Samples for EM-21 Project”). Two composite samples 
werc prepared: “SST Early,” represcnting the typical composition of dissolved saltcake early in 
the retrieval process, and “SST Late,” representing the typical composition during the later 
stages of retrievd. Sec Table 2-1 for a summary of the compositions of both feed solutions. 
Pnor reports on fractional crystaIlization (RPP-RPT-26474, Fractional Crysfallizafion of Wmte 
from Tank 241-S-I i2, and RPP-RPT-27239, Hanford MeditrdLow Curi’c Wasre Pretreatment 
Project - Phase I Laboratov Rcporl) include adequate descriptions of the historical background, 
theory, and application of the fractional crystallization process, details of which will not be 
repeated here. In very brief terms, the liquid waste formed during retrieval of saltcake waste 
fmm single-shcll tanks represents the f e d  for the fractional crystallization process. Within the 
fractional crystallization plant, the waste is eva rated to form sodium salt crystals. The bulk o f  
fiItered or centrifuged and thc solids arc washed to remove interstitial Iiquid (ISL). The high- 
activity filtrate or ccntrate is routed to a double-shell tank for storage and the spent wash solution 
is recyclcd to the evaporator. The washed solids are dissolved to create feed for 8 supptemental 
treatment facility (e.g., bulk vitrification). 
the mdionuclides-especially 13’Cs, ?c, and E I-remain in thc liquid phase. The slurry is 
1.1 TEST SUMMARY AND RESULTS 
Threc hot cell flowsheet tests were performed. Using the numbering scheme applied to prior 
simuIated waste flowsheet tests performed at both the Georgia Institute of Technology (Georgia 
Tech) and at the 2224 Laboratory, the three tests with actual tank wastc werc designated: 
a. Run 44 Stage 1-SST Early composite sample feed. 
b. Run 44 Stage 2-SST Early filtrate fkom Stage 1 uscd as fccd for Stage 2. 
c. Run 46 Stage 1-SST Late composite sample fed (no Stage 2 performed). 
Analytical samples of process input and output streams allowed for evaluation of the process 
performance against the criteria established in the Statement of Work, as welt 8s component-by- 
component mass balance across the process. As shown in Table 1-1, all of the criteria for 
separations (”7Cs removal, sulfate removal, and Na’ separation) were exceeded in all three tests. 
Mass balance ctosure was acceptable for a11 system components except !%r. 
1 
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Na diverted to supplemental 
' 3 ' ~ s  activity in product 
treatment 
Su1fafe:sodium mole ratio in 
purge stream 
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Run 44 Run 46 
Criterion Stage 1 1 Stage 2 Singe 1 
>SO% 75.2% (combined) 71.5% 
4.23E-3 Cil1110l 6.2E-5 5.5E-5 1 .om 
Na' 
<o.o 1 Not appricable 0.0047 0.00045 
Tabie 1-1. All Test Results Exceed Performance Criteria. 
1.2 PRIOR TESTS WITH ACTUAL TANK WASTE 
These were not the first fmctional crystallization process tests to be pcrformed with actual tank 
waste. Prior tests were pcrformed using liquid samples taken directly from tank 241 4 - 1  12 
($1 12) during retrieval operations. Some discussion of the differences bctwecn the two sets of 
tests is in ordcr. 
The two liquid composite samples used for the S-I 12 tests (Sampling Event 2 and Sampling 
Event 3) correspond roughly to the SST Early and SST Late composite samples used in the 
currcnt tests. However, the saltcake in tank S-I12 was atypical in the sense that it was more 
heavily dominated by NaNO3 than the "average" saltcake. Hence, the chemical compositions of 
SST Early and SST Late siunpIes tend to be two to four times higher than Sampling Event 2 
and 3 samples in all non-nitrate analytes except chromium and sodium, The SST Late composite 
sample is about I O  times higher in fluoride and oxalate than the corresponding Sampling Event 3 
composite sample. As a result o f  these fd differences, crystalline products from the current 
SST Early and SST Late flowsheet tests contain a much higher proportion of non-nitrate salts 
than the products of the S-112 tests. 
There were many procedural differences between the two sets of tests as well. The current tests 
WCTC perfomcd on a 10-times-larger scale and under conditions more closely rcsmbling the 
opmting conditions planned for the full-scale plant, such 8s more moderate evaporation 
temperatures (40-66 "C in the current tests vs. 30-80 O C  in the S-112 tests). The current tests 
used a far more efficient filter cake washing procedure, resulting in much improved solifliquid 
separations. 
2 
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2. DESCRIPTION OF TESTS 
The flowsheets for the SST Early (Run 44) and SST Late (Run 46) fractional crystallization 
process are shown in Figures 2-1 and 2-2. The feed compositions we shown in Table 2-1. The 
equipment and procedural details were largely as describcd for thc simulated waste tests 
performed at the Georgia Institute of Technology (Georgia Tech) (RPP-RPT-27239) with some 
equipment modifications to make the system more “hot cell friendly.” Those modifications 
included thc following (sec callouts in Figure 2-3): 
a. Condenscr oriented vertically, instead of horizontally, to reduce the footprint. 
b. Fed addcd by vacuum siphon, instead of pouring, to reduce chance of spillagc. 
c. Crystallizer drain valves replaced by quarter-turn stopcocks for easier manipulator 
d. Both large and small crystaIIizers mounted on single frame to allow for minimal 
opmtion of the valves. 
configuration changes inside the hot ccI1. 
Table 2-1. Composition of SST Early and SST Late Feed Solutions. 
(Analyte concentrations in moIarity, exccpt as noted.) 
3 
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3. MASS BALANCE 
Mass balance closure for each run was dctermincd by weighing d l  input and output streams as 
shown in Figure 3-1 (Run 44 Stage l), Figure 3-2 (Run 44 Stage 2), and Figure 3-3 (Run 46 
Stagc 1). The data are also presented for a11 three runs in Table 3-1. 
Input stream weights (fccd and wash liquid) were dc tmined  by weighing the respective bottles 
bcfore (furl) and after (empty) use. Condensate weight was determined by weighing the 
condensate receiver flask before (empty) and after (full) the evaporation. Filtrate and spent wash 
weights were determined by weighing the receiver flask bcfore and after each of thc respective 
filtrations. Thc weight of washed solids was dctcrmincd by weighing the s m p l c  jar beforc and 
after collecting the solids from thc fiIter. 
TabIe 3-1. Mass Balancc Closurc (strcam weights in g), 
Samples 8.85 10.38 7.6 1 
Beaker residue 13.04 7.98 10.92 
Filter residuc 20.20 16.55 20.20 
Total 85.63 42.79 59.16 
Missing mss Unaccounted-for loss 82.97 27.8 1 49.85 
% of input 5.0% 3.9% 2.1% 
L 
Sevml  known sources of loss could be measured. “Accumufation” was measured by filling the 
crystallizer with a known weight of watcr to dissolve the accumulation and then draining and 
weighing the resulting liquid. This measured weight of accumulation was invariably lower than 
the dcutated weight of accumulation, which was based on the weight of feed minus the weights 
of condcnsate and slurry. “Samples” were the aliquots of unwashed and washed solids removed 
for chemicaVradionucfide analysis and PLM. “Beaker residuc” represents the amount of slurry 
that remained in the beaker used to transfer the slurry from the crystallizer to the filter unit and was 
measured by subtracting the tare weight of the beaker from the “empty” weight of the bcaker after 
the slurry transfer. “Filter residue” is the material not recovered from the filter and was measured 
by subtracting the tare weight of the filter from the weight of the “dirty” fitter at the end of thc test. 
The “Missing mass” section of Table 3-1 represents the “Input” minus “Output” and “Measured 
Iosscs.” The ”Unaccounted-for losses” tend to be higher in these tests than in prior simulated 
waste tests, which is attributable to the difficutties of working with master-slave manipulators in 
a hot cell environment. 
15 
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4. CHEMICAL AND RADIONUCLIDE ANALYSES 
Severaf sample points in each flowshect test were submitted for chemical and radionuclide 
analysis. Washed md unwashed solids samples were prepared by removing 2-4 g of crystals 
directly from the filter cake, dissoIving them in 30-36 g of water, and ensuring by observation 
that all of the soIids were dissolved. Filtrate and spent wash liquids werc diluted by adding 
200 g watcr to thc filtration receiver flasks prior to the filtrations. Thc dilntcd liquids were 
mixed by shaking the filter flask before aliquots were withdrawn for analysis. The accumulation 
was dissolved by flooding the crystallizer with water, stirring until all solids dissolvcd, and then 
draining thc liquid into a receivcr and taking an aliquot for analysis. 
4.1 COMPOSITION OF PROCESS STREAMS 
Raw analytical results and dilution factors for all process streams are shown in the Appendix. 
Difution-corrected concentrations are shown in Table 4-1 (Run 44 Stage l), Table 4-2 (Run 44 
Stage Z), and Table 4-3 (Run 46 Stage 1). In addition, thc chemical compositions of the wash 
solutions for all three tests, based on known weights of chemicals uscd to make up the solutions, 
arc shown in Tablc 44 .  
TIC = total inorgilniccah 
TOC = totalorgilniccarbon 
Compare thc concentrations in the washed and unwashed solids in Table 4-1. Notice how 
components that are present onfy in the ISL are much higher in the unwashed soIids (AI, Cr, CI, 
. 19 
Page 27 of 59 of DA03739441 
- 
RPP-RPT-3 1352, Rev. 0 
NOz, Pod, OH, ?c, I3'Cs, and lZ9l). Components that are present in the solid phase are close to 
the same concentration in the washed and unwashed solids [Na, F, NO3, S/SO4, total inorganic 
carbon VIC), oxalate, wSr]. 
Compare the unwashed solids and accumulation cohmns in Table 4-1 Note that the 
accumulation vaIues are nearly twice as high in almost all cascs-liquid phmc and solid phase 
components alike. It is also noteworthy that the nccumulation values are impossibly high, i.e., 
the sum of the components totaIs much more than 100 wt%, leading to the conclusion that there 
is an mor  in the dilution factor for that sample. As discussed in Section 3, the measured weight 
of accumulation was invariably lower than the amount calculatd by difference. In the case of 
this sample, if the calculated weight of accumulation (9 1.35 g) were substituted for the measured 
weight (43.54 g), the resulting concentrations would be nearly equal to those of the unwashed 
solids. Tficrcfore, it is clear that the composition of the accumulation closcly resembles that of 
the unwashed solids. 
4.2 PHASES PRESENT IN WASIIED SOLIDS 
The weight percent of each compound present in the washed solids can be found by multiplying 
thc anion weight pcrccnt in Table 4-1 by the ratio of the compound molccular weight to thc 
anion formula weight, For example 
Wt% NaNO3 = (44.86%) * (85.0 / 62.0) = 61.5% 
In this manner, the washed solids are found to be composed of the following: 
a. 61.5% NaNO3, 
b. 19.2% Na2C03 [present as Na~C034120 and as NilgC03(S04)2]. 
c. 4.7% Na~S04 [present as Na&O,(S04h]. 
d. 0.3% NaF (likely present as Na3FS04, but not verified). 
(Note that thcsc weights do not tota1 100% due to analytical uncertainties and waters of 
hydration.) 
Thc same g e n a l  observations pointed out for Table 4-1 also apply to Table 4-2 except that 
phosphate and sulfatc exchanged places, Le., suIfate appears in the list of solid phase components 
in TabIe 4-1 but in thc list of liquid phase components in Table 4-2, and vice versa for phosphate. 
The same dilution-factor error for the accumulation also applies duc to the discrepancy between 
mcasured (7.88 g) and alcuIated (17.32 g) weights of accumulation. 
The washed solids in Table 4-2 are cornposcd of thc following: 
a. 88.9% NaN03. 
b. 4.1% NazCOj (prescnt as Na2CO3=H20). 
c. 0.7% Na~P04. 
d. 0.1% NaF [present as Na7F(P0&.19H20]. 
20 
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In Table 4-3, both sulfate md phosphate arc prescnt in the solid phase, as evidenced by the 
comparison between the washed and unwashed solids. The apparent diIution-factor error in the 
accumulation is present again, with measured and calculated weights of accumulation of 20.43 g 
and 51.48 g, respectively. 
The washed solids in Table 4-3 are composed of the following: 
a. 43.7% NaN03. 
b. 13.2% Na$Xl3 [present as Na$XrH20 and as N&O,(SO&]. 
c. 8.3% Na2GQ4. 
d. 4.4% Na3POd [present IIS N ~ ~ F ( P O ~ ) L - ~ ~ H Z O ] .  
e. 3.8% NaZSOd [present as N~&OJ(SO& and likely Na3FS041. 
f. 2.5% NaF (likely present as both phosphate and suIfate doubIc salts). 
Note in Table 4,3 that approximately all of the total organic carbon (TOC) in the SST Late 
washed solids is accounted for by oxalate, Le. 
(5.44 wt% C204) * (24.0 g TOCA38.0 g C204) = 1.48 wt% TOC, 
compared to the tabIe value of 1.53 wt% TOC. 
21 
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Table 4-4. Composition of Wash Liquids (wcights in 9). 
4 3  SPECIES MASS BALANCE 
The diIution-corrected analytical results in Tables 4-1 through 4-3 can be multiplied by the total 
mass to find the total number of grams of each analyte (or pg of 9”rc or pCi of other 
rndionuclidcs) in each process stream. These results are shown in Tables 4-5 through 4-7. 
Most of the nnalytes in Table 4-5 show good r e c o v v  (close to 100%). The most glaring 
exc tions arc those that me close to or below detection limits in some of the samples (K, Si, F), 
and Sr, which suffered from poor recovery in all three runs. % 
22 
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Analyte 
hl 
Cr 
K 
Nil 
P 
S 
Si 
F 
CI 
NO2 
NO, 
PO, 
so, 
Oxalate 
TIC 
TOC 
01 I 
Y C  
l3'CS 
wSr 
'2'11 
a Wash liquid valucs are b i d  on known wcights of chemicals used to p q m  the wash liquid. not on samplc analysis. 
23 
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5. PERFORMANCE CRITERIA 
Process performance criteria were established in the Statement of Work for sodium rccovery, 
cesium separation, and sulfate separation. Test performance measurements exceeded all three 
criteria in all three test runs, as shown in TabIe 1-1. This section explains how the performance 
mcasurcmcn ts were calculated. 
5.1 SODIUM RECOVERY 
The separation criterion for sodium recovery is that at least 50% of the input (fecd) Na must be 
diverted to supplcrncntal treatment. Whilc thc criterion s m s  straightfonvard, it is somewhat 
difficult to relate Iaboratory-sdc batch process data to n continuous plant opcration. The 
“convention” established by prior Georgia Tech studies with simulants is to consider the Na in 
the washed crystals and in thc accumulation as ‘’rccovercd” Na, bascd on the assumption that thc 
Na in thc accumulation would wind up in thc product in an actual plant operation. That 
convention is followed in this report. 
Thus, the pcrcent sodium recovered can bc calculated from the data in Tables 4-5 through 4-7 by 
adding the Na in the washed solids and accumulation streams, multiplying by 100, and dividing 
by thc Na in the feed stream. For Run 46 Stage 1, this process is straightforward: 
%Na Recovered (Run 46 Stage 1) = 100 * (35.0 + 5.9) / 57.2 = 71.5% 
Only one stage was performed for Run 46, so the calculation yields the overall sodium recovery 
for the SST Late flowsheet test. Run 44 was pcrformd in two stages, so the overall sodium 
recovery for the SST Early flowshect tcst is the sum of the two stages. Thc first-stagc recovery 
is calculated in thc same way as above: 
%Na Recovered (Run 44 Stage 1) = 100 * (64.6 + 17.5) / 145.3 = 56.5% 
The second-stage recovery is referenccd to the Stagc 1 fecd, and m adjustment is madc to 
account for the material removed fiom the Stage 2 fed for s m p k  mdysis. Note that the 
Stage 1 filtrate contained 62.4 g Na (Table 4-4) while thc Stage 2 fccd contained 56.8 g Na 
(Table 4 4 ,  the difference being the Na removed in the analytical sample. Therefore 
%Na Recovered (Run 44 Stage 2) = 100 * (21.9 -I- 2.9) * (62.4 / 56.3) / 145.3 = 18.7% 
The combined sodium recovery for Run 44 is therefore 56.5% + 18.7% = 75.2%. 
5.2 CESIUM DECONTAhIINATION 
The scparation criterion for cesium recovery, which is based on the technical requirements for 
RPP-I 7403, Dcmonrfrafion Bulk Yiirilfiutiun Sysfem SpccFcafion, is that the strcam fed to 
su plemental treatment (the dissolved washed crystals) must contain less than 1.23 x 1 U3 Ci of 4 s  pcr mole ofsodium. 
25 
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Tables 4-1 through 4-3 show Na concentrations in wt% and '"Cs activities in pC;/s. Thesc data 
can be converted into 13'Cs CVrnol Nd by the folhwing unit-factor-conversion calculations, In 
each case, the rcsufting "'Cs activity is well below thc criterion. 
For Run 44 Stage 1: 
0.76 pCi Ci lOOg solids = 6 . 2 ~  IO" Ci/mol Na' 
g solids lo6 pci 28.51 g Na moI Na 
For Run 44 Stage 2: 
0.62 pCi 1 Ci 100 gsolids = 5 . 5 ~ 1 0 '  Ci/mol Na' 
g solids IO" pCi 25.73 gNa mol Na 
For Run 46 Stage 1: 
23' = 1 .0x104 Wmol Na' 1.19pCi 1 Ci 100 g solids 
g solids lo6 pci 26.51 gNa mol Na 
I 
I 5.2.1 Decontamination Factors 
I 
I 
I 
Another method of defining cesium separation efficiency, not includd in the performance 
criteria, is by the decontamination factor (DF), which is defined as the Cs/Na ratio in the fecd 
divided by the CsMa ratio in the product. Any concentration units may bc used, as long os they 
are the same for the feed as for the product. From Tables 4-1 through 4-3, the DF values for the 
thrcc runs arc ps foflows: I 
I Run 44 Stage 1: DFcs = (45.4 / 10.99) / (0.76 / 28.51) = 154 
I Run 44 Stage 2: DFcS = (45.4 / 10.99) / (0.62 / 25.73) = 173 
Run46Stage 1: DFcs = (8.87/2.61)/(1.19/26.51) = 76 
(Notice that for Run 44 Stage 2, the CsMa ratio for the feed refers to the Stage 1 fecd.) 
Decontamination factors may bc calculated for any element or isotope. All nnalytes that remain 
in the liquid phase should have DFs approximately the same as those for I3'Cs. Those include 
Al, Cr, K, C1, NOz, ?c, and 1291. The fact that they remain in the liquid phase and are washed 
out of the solids means that thcy oAen fall below or barely above detection limits in the washed 
for analytes that precipitate. Those arc expected to be much lower, oAen less than 1 .O. The DF 
values are shown in Table 5-1 for all analytcs for which a meaningful DF can bc measured. 
I 
I 
solids, making the DF calculation meaningless in those cascs. DF values may also be calculated 
! 
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Tsblc 5-1. Dccontnmination Factors. 
The only other radioisotopc detccted in the feed solutions and not included in TnbIc 5-1 was 1291. 
Bccausc it was below detection Iimits in the washed solids suggests that it follows '"Cs through 
the process, which a n  be confirmed by cornparin Cs/l ratios in the feed and fittrate samples. In 
Run 44, that mtio is 1.1 x IO6 in the fecd, 1.0 x 10 in the Stage 1 filtrate, and 1.1 x lo6 in thc 
Stage 2 filtrate-virtually unchanged in aII of thc samples. In Run 46, the ratio is 1.4 x lo6 in the 
fccd and 1.1 x 1 O6 in the filtrate--a srnd1 change, probably attributable to the large uncertainty in 
the Iz9I values, which were barely above detection limits in Run 46. 
8 
Table 5-1 shows that ? 3 r  behaves more like n solid-phase component than a liquid-phase 
component, especially in Stage 1 of both runs. Bascd on the computer flowsheet models, the 
solubility of phases such as sK03 and SrSOd should not be cxceedcd in any of thc tests. 
However, coprccipitation is likely to occur for two reasons. First, the S?' ionic radius is much 
closer to the Na' ionic radius than is the Cs' radius, so Na' ion substitution is much more likely 
for S+' than Cs'. (Cornparc ionic radii in angstroms: Na' = 0.95, S?' = 1.13, Cs' = 1.69). 
Second, the anions that form low-solubility S3' salts (COT, SOT, PO:') are present in the 
solid phasc; there are no corresponding low-solubility Cs" sa1t.s. The "Sr DF may be much 
higher in Run 44 Stagc 2 than in the othcr tests bccause of the low carbonate-sulfate-phosphate 
content of the solids in Stagc 2. 
5.2.2 Variations in Decontamination Factor 
Several factors enter into the theoretical expImation of thc variation in observed DFs from one 
run to another. Pertincnt data for I3'Cs DFs are included in Table 5-2. 
I 
27 
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TabIc 5-2. Factors Responsible for DF Variations. 
Factor l-’”Cs Activity in the Filtrate: If all other factors were equal, the DF would bc 
inversely proportional to the activity in the fiItrate, i t . ,  n run with twice the activity in thc firtratc 
would have halfthc DF. Comparing Rows 1 and 2 in Table 5-2, it is clear that this factor docs 
not begin to tell the whole story, and it is diffcult to see a correlation. Of coursc, all other 
factors are nor equal. 
Factor 2-Wt% Solids in Slurry: There was no direct measurement of the wt% solids in thc 
slurry, but the wt% filter cake relative to the slurry provides an indirect measurement, and thcsc 
numbers arc shown in Tablc 5-2. It makes intuitive sensc that the thicker thc slurry, thc morc 
difficult it is to filter and wash the slurry, leading to higher DF. 
Factor 3-Wash LiquidlFilter Cake Ratio: If a11 other factors were equal, the DF would bc 
proportional to this ratio, but not directly proportional, i.e., a run with n ratio of 3.0 would have a 
higher DF than a run with a 1.5 ratio, but not twice as high-it would bc more than twice as 
high, bcwusc it is thc Wash Liquid:ISL ratio that actually determines the scparation. 
Factor &Wt% ISL: All othcr factors bcing equal, lhere would be an inversc correlation 
half the DF of a cake containing 15% ISL. There was no dircct mcasurc of thc %EL in thc filter 
cake, but one can be calculated from thc observed I3’Cs activities and wash/cllke ratios. Row 4a 
in Table 5-2 shows a calculated value for %EL bascd on interpolation. Row 4b shows the ISL 
dilution factor, which is equal to (0.2*wash/cake + %ISL)PhISL, assuming perfect mixing of 
one-fifth of the wash liquid with the ISL. Row 4c is the measured activity of ‘37Cs in the product 
(washed) crystals. Row 4d is the I3’Cs activity in the filtrate dividcd by the ‘37Cs activity in the 
washcd crystals, which is EL ratio analogous to the DF but does not take into account the 
differences in Na concentration. Finally, row 4e is the ISL dilution factor raised to the fifth 
power (for five washes). The interpolation is done by adjusting the %ISL incrementaliy until 
rows 4d and 4e are equal. This factor goes a long way in explaining the observed differcnccs in 
DF between runs. It does not answer thc question: What causes the variation in %EL? 
Answers include but may not be limited to particle size distribution and crystal morphology. 
I between the wt% ISL in the filter cake and the DF, i.e., a d e  containing 30% ISL would have 
I 
1 
I 
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Factor 5-Wt% Solid$Wt% ISL Ratio: This is not r d y  a factor as much as an expIanation for 
prior factors. I t  is noteworthy that this ratio is ncarly a constant for all three tuns. 
53 SULFATE:SODIUM MOLE M T I O  
The separation criterion for sulfate is that the S04:Na mole ratio in the purge strcm (the high- 
activity waste returned to the double-shell tanks for eventual f e d  to the Wnstc Trcatment and 
Immobilization Plant) be less than 0.01. In the a s c  of thc laboratory tcsts, thc purge stream is 
represented by the final filtrate (Stagc 2 filtrate in Run 44, Stage 1 filtrate in Run 46). The ratio 
is found by converting the wt% values in the tables into moVlOO g by dividing each table value 
by the respective formula weight (23.0 dmo! for Na, 96.0 dmol  for S04). 
Run 44: SO4:Na molc ratio = (0.379 / 96.0) / (20.04 / 23.0) = 0.0047 
Run 46: SO4:Na mole ratio = (0.033 / 96.0) / (17.56 / 23.0) = 0.00045 
Results are shown in Table 1-1. Both runs exceeded the criterion. 
, 
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6. CONCLUSIONS 
I 
The hot cell test results conclusively show, with actual tank waste samples, that thc desired 
separations arc achievable. At least on a laboratory scale, the fractional crystallization process 
an providc II viable pretreatment method to convert medium-curie wastc into low-curie fecd for 
a supplemental treatment process. 
Anothcr vital conclusion that may be drawn from the hot cell tests' is that the actual tank wastc 
samples behaved the same as the simulated waste samples tested previously (RPP-RPT-27239 
and RPP-RPT-30905, Fractional Crystallization Simulant Test Comparison). Thcrc were no 
significant diffcrcnces in the physical behavior of the actual vs. simulatcd tank waste during 
evaporation, filtration, and washing operations. There were no significant differences in the 
mounts and types of product salts. Thcreforc, one can condude 
a. Process pararnctcrs may be tested and evaluated in the laboratory using simulated tank 
waste samples with some assumcc that the findings will be applicable to actual tank 
waste. 
b. Pilot-scale work may bc carried out with simulated tank waste with somc assurance that 
the findings will bc applicable to actual tank waste in the actual plant opcration. 
~~ 
' Although the feed stocks for these tests were derived from a composite of many different single-shell tanks, the 
conclusions drawn hem still may be limited to the two feed compositions actually tcstcd-SST Early and SST Late, 
Feeds with significantly different compositions than thosc tested (e.g., keds with high organic complexant or high 
phosphate levels) may behave differently. Additional tcsting may be necessary to demonstntc the correlation 
between simulatcd and actual tank waste samples in such cases. 
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APPENDIX 
ANALYTICAL SAMPLE RESULTS AND DILUTION FACTORS 
Samples for chemical and radionuclide analyses were taken at the sample points indicated in 
Figure A-1. The schematic shows a two-stage test (SST Early Run 44). The lefl half of the 
schcmatic applies to n one-stagc test (SST h t c  Run 46). 
Figurc A-1. Analytical SarnpIc Points (gray circks). 
A Accumulation 
F Filtrate 
E Feed 
L Slurry 
R SpentWash 
S Washed Solids 
U Unwashed Solids 
W Wash Liquid 
C Condensate 
All of the samples were ditutcd with watcr prior to submission for analysis, so thc subscript ‘d’ 
was added to each sample name to distinguish it from thc undiluted process stream indicatcd in 
the figure. A prefix, “Early” or ‘‘hte,” was addcd to distinguish the two runs. So, the samplc 
namcs corrcsponding to the sample points indicatcd in the figure wcrc, c.g., Early-A1 d, Early- 
F2d, Late-Uld, etc. 
The SST Early and SST Late feed solutions (E) were analyzed at thc time of make-up, and thc 
results were issued previously (external letter CH2M-0600248, “Preparation of Composite Tank 
Waste Samples for EM-21 Project”). Wash liquid (W) compositions were based on chcmica! 
make-up rather than on sample analyses. Condensates (C) were not analyzed but were presumcd 
to contain negIigible amounts of all analytes. 
Dilution factors for all samples are shown in Table A-1. The rows in TabIe A-1 arc defined ~3 
follows: 
a. “Sample wt” is thc weight of undiluted proccss stream liquid or solid corresponding to 
the sample points in Figure A-1. 
b. “Density” is the flowsheet-predicted density of thc undiluted liquid process streams. 
A- 1 
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c. ‘‘€I20 added” is the weight of water added to prcvcnt precipitation of thc liquid samples 
or to dissolve the solid samples. 
d. ‘Total volumc” is the calculated total samptc volume bnscd on the following 
assumptions: 
1. Volume of dissolved soIids samples equals the weight of water plus one-haIf thc 
2. Volurnc of diluted Iiquid samples assumes additive volumes (undilutcd samplc plus 
e. “Wt% factor” is the conversion factor from reported units (pdmL) into wt% of undiluted 
sarnpIe for all chemical analytes. 
f. “Ci factor” is the conversion factor from reported volumetric units (FdrnL or pCi/mL) 
into gravimetric units of p& (wTc) or pCVg (a11 other isotopcs). 
weight of the undissolved solids. 
w at cr). 
Complcte anaIytical results for diluted sample Early-Uld 3rc shown in Table A-2. Most of the 
analytes werc bclow detection limits in this and all other samples. The detcction limits for this 
sample are typical of all the samples that were run, so those data are not repeated in subsequent 
tables. Tables A-3 through A-16 show an abbreviated set of analytical results for the remaining 
samples. Dilution-corrected analytical results arc shown in the body of the report (Tables 4-1 
through 4-3). 
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